METHOD AND APPARATUS FOR ANALYZING... 
Qin Zhang 

Greer Bums & Grain, Ltd. 
Reference No.: 1201.68320 
Replacement Sheet 1 of 1 1 



December 2, 2005 
Serial No. 10/671,434 
(Steven P. Fallon) 

(312)360-0080 




240- 





Load 





-228 



Pn.q 



0' ^0 




METHOD AND APPARATUS FOR ANALYZING... December 2, 2005 

Qin Zhang Serial No. 1 0/67 1.434 

Grccr Bums & Grain, Ltd. (Steven P. Fallon) 
Reference No.: 1 20 1 .68320 

Replacement Sheet 2 of 1 1 (312) 360-0080 



Original Signal 



a 


2 




cd2 



Cd3 

FIG. 3 



METHOD AND APPARATUS FOR ANALYZING... December 2. 2005 

Qin Zhang Serial No. 1 0/67 1 ,434 

Greer Bums & Grain, Ltd. (Steven P. Fallon) 
Reference No.: 1201.68320 

Replacement Sheet 3 of 1 1 (312) 360-0080 



Diagnosis process^^^^^ 



306 



i = 


= 0 


311 








Generate band a j 






Filter pressure signal 


using high-band filter 


Generate band dj 




312 



FIG. 4 

FIG. 4A 
FIG. 4B 



308 



i = i + 1 



Filter band aj.-| using 
low-band filter 



no 




FIG. 4A 



METHOD AND APPARATUS FOR ANALYZING... December 2. 2005 

Qin Zhang Serial No. 1 0/67 1 .434 

Greer Bums & Grain, Ltd. (Sleven P. Fallon) 
Reference No.: 1201.68320 

ReplacemenlSheel4oril (312)360-0080 




324- 



Compare feature pressure signal 
to reference wavelet 
within selected data 
point range of dj 



325- 



Determine wavelet 
coefficient cdj for 
band d; 



Generate alarm signal 



FIG. 4 

FIG. 4A 
FIG. 4B 



FIG. 4B 




no 



METHOD AND APPARATUS FOR ANALYZING... 

Qin Zhang 

Greer Bums & Grain, Ltd. 
Reference No.: 1201.68320 
Replacement Sheet S of II 



December 2. 2005 
Serial No. 10/671,434 
(Steven P. Fallon) 

(312)360-0080 



Learning process 



I 



Receive pressure signal of pump 
with h\om characteristic 

Decompose pressure 
Signal 



'400 





■402 



I 



Entire band = ag 



I 



i = 0 



i = i + 1 



-404 



-406 



-408 



Filter band a j.i with low band filter 
to determine band aj 



Filter band aj.^ with high-band 
filter to determine bandd 



-410 



-412 




FIG. 5 

FIG. 5A 
FIG. 5B 
FIG. 5C 



METHOD AND APPARATUS FOR ANALYZING.. . December 2, 2005 

Qin Zhang Serial No. 1 W67 1 ,434 

Greer Bums & Grain, Ltd. (Steven P. Fallon) 
Reference No.: 1201.68320 

Replacement Sheet 6 of II (3 1 2) 360^80 



Find Reference Wavelets 




i = 0 



i = i + 1 



x = 0 



x = x+ 1 



-420 



-422 



-424 



-426 



Scale candidate feature signal in band 
d j over data range n according to 
possible reference wavelet x 



Compare scaled candidate feature signal 
in band dj to possible reference 
wavelet X to determine 
wavelet coefficient 



-432 



-434 




FIG. 5B 



FIG. 5 

FIG. 5A 
FIG. 5B 
FIG. 5C 



METHOD AND APPARATUS FOR ANALYZING... December 2, 2005 

Qin Zhang Serial No. 1 0/67 1 .434 
Greer Bums & Grain, Ltd. (Steven P. Fallon) 

Reference No.: 1201.68320 

Replacement Sheet 7 of 1 1 (312) 360-0080 J 




METHOD AND APPARATUS FOR ANALYZING. . . December 2, 2005 

Qin Zhang Serial No. 1 0/67 1 ,434 

Greer Bums & Grain, Ltd. (Steven P. Fallon) 
Reference No.: 1201.68320 

Replacement Sheet 8 of 11 (312) 360-0080 



250 



254 




230 



P 



0 



600 



'610 



I 



-224 



224— -f^ 



Defective 
Pump 



^226 



Normal 
Pump 



P 



230 



226 




602 



FIG. 6 



METHOD AND APPARATUS FOR ANALYZING... December 2, 2005 

Qin Zhang Serial No. 1 0/67 1 .434 

Greer Bums & Grain, Lid. (Sieven P. Fallon) 
Reference No.: 1201.68320 

__RepIacement Sheet 9 of 1 1 . (312) 360-0080 



s? 60 



55 H 



CO 
CO 

a:> 

^ 50^- 
J- 45 
o 40 



ill! 



^ ' * ^ * ^ 



0 



5 10 

Time (sec) 

FIG. 7A 



15 




5 10 

Time (sec) 

FIG. 7B 




1 i I 



5 10 

Time (sec) 

FIG. 7C 



15 



CO 

-= 1 



2r 



.0 

o 



5 10 

Time (sec) 

FIG. 7D 



15 



M ETHOD AND APPARATUS FOR ANALYZING. . . December 2, 2005 

Qin Zhang Serial No. 1 0/67 1 ,434 

Greer Bums & Grain, Ltd. (Steven P. Fallon) 
Reference No.: 1201.68320 

Replacement Sheet 1 0 of 11 (312) 360-0080 



70 c- 



"-^ 65 B lW > ll(| | iiMii»< lt! ll > i >«l l<fl l Miilt^ | < i || > l ftWtW»M| W^ 

a? 60 



CO 55 



_ 50 I 

^ 45 \ 

(3 Fill! I I 



5 10 

Time (sec) 

FIG. 8A 



15 




-2 r I I I I I I I I 



5 10 

Time (sec) 

FIG. 8B 





i 1 i i 1 1 i { i L. 



I I I 



5 10 
Time (sec) 

FIG. 8C 



15 



CO 2r- 

-= 1 



% 0 



ay 

Q- .2 



i i < 1 I i I < « i i I 



5 10 

Time (sec) 

FIG. 8D 



15 



METHOD AND APPARATUS FOR ANALYZING... 3^^7f„;,^^ .^.^^ 

Qin Zhang (Steven P. Fallon) 
Greer Bums & Grain, Ltd. 

Reference No.: 1201.68320 (312)360-0080 

Replacement Sheet 1 1 ofl I . - - • 



^ 70 



65 



CO 
CO 



9? 60 
55 

_ 50 

M- 45 
o 40 



0 



I I I 



CO 
O 
CD 



CNI 



2 r 



--= 0 



Q 
CO 

cr 

8 



Jl I 1 L. 



10 



Time (sec) 

FIG. 9A 



5 10 

Time (sec) 

FIG. 9B 




15 




-i L_i I 1_J I l_J I 1. 



J I I 



5 10 

Time (sec) 

FIG. 9C 



15 



CO 



1 0 tH^i«^ | [*otlf||^^ 



CO 

o 

CL> 



-1 

-2 



* « « J ■ * I ^ » ■ * 



5 10 
Time (sec) 

FIG. 9D 



15 



